Multiple pathways to cellular senescence: role of telomerase repressors.
Telomeres progressively shorten with age in somatic cells in culture and in vivo because DNA replication results in the loss of sequences at the 5' ends of double-stranded DNA. Whereas somatic cells do not express the enzyme, telomerase, which adds repeated telomere sequences to chromosome ends, telomerase activity is detected in immortalised and tumour cells in vitro and in primary tumour tissues. This represents an important difference between normal cells and cancer cells, suggesting that telomere shortening causes cellular senescence. Hybrids between immortal cells and normal cells senesce, indicating that immortal cells have lost, mutated or inactivated genes that are required for the programme of senescence in normal cells. Genes involved in the senescence programme have been mapped to over ten different genetic loci using microcell fusion to introduce human chromosomes and restore the senescence programme. Multiple pathways of cellular senescence have also been demonstrated by chromosome transfer, indicating that the functions of the mapped senescence genes are probably different. One possibility is that one or more of these senescence genes may suppress telomerase activity in immortal cells, resulting in telomere shortening and cellular senescence. To test this hypothesis, telomerase activity and the length of terminal restriction fragments (TRFs) have been examined in microcell hybrids. Re-introduction of a normal chromosome 3 into the renal cell carcinoma cell line RCC23, which has the short arm of chromosome 3, restored cellular senescence. The loss of indefinite growth potential was associated with the loss of telomerase activity and shortening of telomeres in the RCC cells containing the introduced chromosome 3. However, microcell hybrids that escaped from senescence and microcell hybrids with an introduced chromosome 7 or 11 maintained telomere lengths and telomerase activity similar to the parental RCC23. Thus, restoration of cellular senescence by chromosome 3 is associated with repression of telomerase function in RCC cells. This evidence suggests that telomerase suppression is one of several pathways involved in immortalisation.